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TO ALL WHOM IT MAY CONCERN: 

Be it known that I, WERNER HOFMANN, a citizen of Germany, residing 
in Schnaittach, Germany, whose post office address is Hahneweg 9, 91220 Schnaittach, 
Germany, have invented an improvement in 

PRODUCTION MACHINE 

of which the following is a 

SPECIFICATION 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to a production machine with a hydraulic and/or 

electric drive, and also measured data acquisition for at least one positional determination 
and at least two measured variables dependent on the latter in the production machine. 

[0002] The development of simple, effective and reliable production machines 

and methods for their open-loop and closed-loop control provides an impetus motivation 
to improve technical processes. The present invention is such an improved technical 
process. 
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[0003] EP 0 246 326 Bl discloses a method of controlling an injection 

mechanism of an injection-molding machine. Measuring force at the load or measuring 
the injection pressure is used purely and simply for current control of a drive source. 

[0004] The object of the present invention is to design a production machine of 

the type referred to above in such a way that, if additional positionally dependent process 
variables are exceeded, a positionally dependent setpoint input can be influenced by an 
amount dependent on the degree to which they are exceeded in a counteracting way by 
simple and effective action. 

SUMMARY OF THE INVENTION 

[0005] According to the present invention, this object is achieved by providing a 

first positionally dependent setpoint determination, which can be influenced in a 
counteracting way in at least one parallel open-loop or closed-loop control branch, with a 
setpoint correction being provided on the basis of a further positionally dependent 
setpoint profile of at least one further positionally dependent measured variable being 
exceeded. Consequently, a further open-loop or closed-loop control path in the form of a 
substitutional open-loop or closed-loop control is only utilized if the process profile 
monitored there is exceeded. 

[0006] A preferred design of the invention, in which the production machine is a 

plastic injection-molding machine, is characterized in that the injection pressure and the 
position of an advancing screw driving the injection action can be registered as measured 
variables and at least one speed/displacement profile of the advancing screw can be 
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predetermined as a positionally dependent setpoint value, which can be influenced in a 
counteracting way if a pressure/displacement profile of the injection pressure is exceeded. 
This advancement has the effect that essential process parameters of a plastic injection- 
molding machine can be registered in a simple and effective way and can be influenced 
for the purpose of optimum process control to achieve high-quality plastic injection- 
molded products. 

[0007] A further preferred design of the present invention wherein at least two 

positionally dependent measured variables of a plastic injection mold can be registered, is 
characterized in that at least one speed/displacement profile of the mold can be 
predetermined as a positionally dependent setpoint value, which can be influenced in a 
counteracting way if a closing pressure/displacement profile of the mold is exceeded. 
Process control and monitoring of the mold in the injection molding cycle enable the 
early detection and avoidance of any fault damage or even destruction of the injection- 
molded past during operation. 

[0008] Yet a further preferred design of the present invention is characterized in 

that at least two positionally dependent measured variables of an ejection mechanism of a 
plastic injection mold can be registered and in that at least one speed/displacement profile 
of the ejection mechanism can be predetermined as a positionally dependent setpoint 
value, which can be influenced in a counteracting way if an ejecting force/displacement 
profile of the ejection mechanism is exceeded. Process control and monitoring of the 
ejection mechanism has the effect that damage to or even destruction of the ejection 
mechanism or the plastic injection-molded part is detected at an early time and avoided. 
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[0009] Still another preferred design of the present invention is characterized in 

that, as an alternative or in addition to a speed/ or measured-variable/displacement 
profile, a speed/ or measured-variable/time profile can be predetermined. Depending on 
suitability, consequently a displacement or time profile can be used for optimum process 
monitoring or control. 

[0010] Another preferred design of the present invention is characterized in that, 

as an alternative or in addition to a speed/ or measured-variable/displacement or time 
profile, a physically or technologically linked displacement or time profile can be 
predetermined. Consequently, depending on suitabihty, physically or technologically 
linked process variables can be used for programming or visual representation. 

[0011] It is further contemplated that the present invention is utilized in an 

industrial press. In the case of an industrial press, there are process parameters that are 
technologically similar to those present in a plastic injection-molding machine. These 
process parameters can be advantageously monitored and controlled in accordance with 
the present invention. 

[0012] A preferred method for the open- loop control of a production machine 

having a hydraulic or electric drive, measured data acquisition for at least one positional 
determination, and at least two measured variables dependent on the latter, is 
characterized by the following: 

at least one actual position of a movement system is registered, 
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a setpoint input takes place by means of at least one speed/displacement profile or a 
displacement profile derived fi-om the speed, and 

in a further control branch with at least one further positionally dependent measured- 
variable/displacement profile, the setpoint input is influenced in a counteracting way if 
this second profile is exceeded. 

Based on this method, measured variables and setpoint inputs of a production machine 
are monitored with a simple and effective action. 

[0013] A further preferred method for the open-loop control of a plastic injection- 

molding machine having a hydraulic or electric drive, measured data acquisition for (i) a 
positional determination of an advancing screw, (ii) an advancing screw speed (or rate of 
injection) and (iii) an injection pressure, is characterized by the following: 

- at least one actual position of a movement system is registered; 

- a setpoint input takes place by means of at least one speed/displacement profile or a 
displacement profile derived from the speed; and 

- in a further control branch with a further positionally dependent measured- 
variable/displacement profile, the setpoint input is influenced in a counteracting way if 
this second profile is exceeded. 

Based on this method, a wide variety of parameters and setpoint inputs of a plastic 
injection-molding machine can be monitored and predetermined in a simple and effective 
way. 
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[0014] Yet another preferred method for the open-loop control of a mold of a 

plastic injection-molding machine having a hydraulic or electric drive, case measured 
data acquisition for (i) a positional determination of the mold, (ii) a closing and/or 
opening speed and (iii) an opening and/or closing pressure, is characterized by the 
following: 

- at least one actual position of a movement system is registered; 

- a setpoint input takes place by means of at least one speed/displacement profile or a 
displacement profile derived from the speed; and 

- in a further control branch with at least one further positionally dependent measured- 
variable/displacement profile, the setpoint input is influenced in a counteracting way if 
this second profile is exceeded. 

Based on this method, the optimum functional capability of a mold of a plastic injection- 
molding machine can be controlled and monitored. 

[0015] Another preferred method for the open-loop control of an ejection 

mechanism of a mold of a plastic injection-molding machine having a hydraulic or 
electric drive, measured data acquisition for (i) a positional determination (ii) a speed and 
(iii) an ejecting force of the ejection mechanism, is characterized by the following: 

- at least one actual position of a movement system is registered; 

- a setpoint input takes place by means of at least one speed/displacement profile or a 
displacement profile derived from the speed; and 
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- in a further control branch with at least one further positionally dependent measured- 
variable/displacement profile, the setpoint input is influenced in a counteracting way if 
this second profile is exceeded. 

Based on this method, an ejection mechanism can be controlled and monitored in a 
particular way with respect to its optimum operation and a plastic injection-molded part 
can be controlled and monitored to enable the mold part to be ejected fi"om the mold 
without being damaged. 

[0016] Yet another preferred method is characterized in that, as an alternative to 

or in addition to a speed/ or measured-variable/displacement profile, a speed/ or 
measured-variable/time profile is used. Consequently, a favorable profile for simple and 
clear programming or visual representation can be selected. 

[0017] A further preferred method of the present invention is characterized in 

that, as an altemative to or in addition to a speed/ or measured-variable/displacement or 
time profile, a physically or technologically linked displacement or time profile is 
predetermined. Consequently, optimally physically or technologically descriptive 
process variables can be used for the setpoint input, monitoring or else visual 
representation of measured variables. 

[0018] The aforesaid method, for the open-loop control of a production machine 

are equally suited to an industrial press. Accordingly, disclosed in the context of a plastic 
injection-molding machine due to technological relationships, the method used in the 
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case of a plastic injection-molding machine can also be advantageously transferred to an 
industrial press. 

DRAWINGS 

[0019] An exemplary embodiment of the present invention is explained in more 

detail below and represented in the following drawings, in which: 

[0020] Figure 1 shows a symbolic side view of a plastic injection-molding 

machine, in which the screw housing and also the mold are shown in a sectional form; 

[0021] Figure 2 shows a basic functional block diagram of the production 

machine control with at least two mutually dependent measured variables; and 

[0022] Figure 3 shows by way of example actual and setpoint-value graphs of a 

plastic injection-molding machine. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] Figure 1, shows a side view of a plastic injection-molding machine. 

Polymer granules, not shown for the sake of overall clarity, pass via hopper T into a 
screw housing SG and are transported into the mold FW by an advancing screw VS, 
which is moved by a drive A. Along the screw housing SG there are heating coils H, 
which heat up the polymer granules allowing their path and make them take the form of a 
flowable (plastic) polymer material in the space SV in front of the screw. 

[0024] To achieve a high rate of production of plastic injection-molded parts, it 

must be endeavored to use a high rate of injection into the mold FW. With the aid of a 
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pressure sensor D, the injection pressure exerted on the plastic material in the space SV in 
front of the screw is monitored by an open-loop control system ST or, alternatively a 
closed-loop control system. The pressure monitoring with a pressure sensor D may take 
place at other suitable positions of the machine, such as for example in the joumal 
bearing of the machine. 

[0025] If a specific pressure value is exceeded, there is an irreversible and 

undesired change in the material properties of the plastic material. The injection pressure 
built up in the space SV in front of the screw is decisively determined by the forward 
movement of the advancing screw VS induced by the drive A. The drive A may 
comprise a plurality of motors, which separately induce a rotational and/or forward 
movement of the advancing screw VS with the aid of a transmission mechanism. 

[0026] A positional determination PI transmits information on the actual position 

of the advancing screw VS to an open loop control system ST, denoted in Figure 1 by the 
term "control". All measured variables registered by the control system ST are indicated 
by broken connecting lines. The positional determination PI may be realized for 
example by a rotary transducer or else by a linear displacement sensor. 

[0027] In a plastic injection-molding machine, monitoring and control of the 

heating temperature is also of interest, since an overheating of the plastic material also 
leads to undesired changes in material properties. Monitoring of the heating temperature 
may also be part of a monitoring process according to the present invention. For 
example, a temperature/time profile dependent on the production cycle is fed in as the 
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setpoint input of the heating. Therefore, a broken connecting line is shown in Figure 1 
between the heating coils H and the control system ST. 

[0028] During the injection operation, the plastic material is usually injected into 

the mold SW at a specific rate. A sustained rate of injection leads to a very steep increase 
in pressure in the space SV in front of the screw. The invention allows a rapid response 
to this increase in pressure, in that action is taken to influence the manipulated variable 
directly in the form of a substitutional closed-loop or open-loop control. 

[0029] Once the moid FVv is filled with plastic material, the solidifying operation 

begins. Any accompanying shrinkage process can be compensated by forcing fiirther 
plastic material into the mold. 

[0030] Once the injecting and solidifying operation has been completed, the mold 

FW comprising the mold parts FTl and FT2 is moved apart. The mold part FTl is 
fastened to the mold holder FHl and is not moved. The mold part FT2 is fastened to the 
mold holder FH2 and can be moved horizontally away from the mold part FTl . With the 
aid of a toggle lever mechanism, the mold holder FH2 slides on the sliding rails GSl and 
GS2 horizontally away from the mold part FTl. In Figure 1, the toggle lever mechanism 
comprises a toggle lever nut KH and three lever pieces (Hll to HI 3, and also H21 to 
H23), arranged symmetrically in relation to said nut. In fiu1;her embodiments, the toggle 
lever mechanism may comprise a multipUcity of lever pieces, and alternatively be 
hydraulically and/or hydromechanically driven. 
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[0031] A toggle lever motor KM is used to drive a spindle screw SS, which 

moves the toggle lever nut KH horizontally and thereby takes the lever pieces Hll to 
H23 along with it in such a way that the mold holder FH2 is moved horizontally. 

[0032] A positional determination P2, which may for example take the form of a 

linear displacement sensor, transmits the actual position of the mold holder FH2 to the 
control system ST. 

[0033] To determine the position of the toggle lever nut KH, a toggle lever motor 

KM is fastened to a rotary transducer DG2, which passes on its infonnation to the control 
system ST. 

[0034] To be able to remove the plastic injection-molded parts from the mold FW 

after soUdifying, there is a molding ejector FA in the mold part FT2. This is driven by an 
ejection mechanism motor AM and presses the plastic product to be ejected out of the 
mold part FT2. Similarly fastened to the ejection mechanism motor AM is a rotary 
transducer DGl, which determines the position of the molding ejector FA. A fiirther 
ejection mechanism may be located on the mold part FTl . 

[0035] A combination of a motor (KM, AM, A) with a rotary transducer (DGl, 

DG2) or with a positional determination (PI, P2) allows various measured variables to be 
registered. It is possible to register the position, the distance covered during a time, and 
also the torque of the respective motor KM, AM, A. It is consequently possible, for 
example, to determine the position of the molding ejector FA, and also the force exerted 
on the plastic product, obtained by a conversion of the measured torque. 
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[0036] Figure 2 shows a functional block diagram of the open-loop production- 

machine control. A machine coordinate, denoted in Figure 2 by "x", is fed to a function 
block FBI, which determines a positionally dependent setpoint value. This setpoint value 
is converted in a function block FB6 into a machine control parameter ("nnom")- 

[0037] In a further function block FB2, a likewise positionally dependent 

setpoint-value profile is output. This setpoint-value profile is passed through a function 
block FB4 if, in the case of a displacement-dependent profile, a specific displacement 
mark "Xmax" has not been exceeded. In the function block FB4, to which the machine 
coordinates "x" are also fed, this is identified by a rhombic decision block. If a defined 
machine position "Xmax" is exceeded, the variables or parameters denoted by "2" are 
passed on to the addition point AS. At this point, a measured parameter is subtracted 
from a function value of the function block FB4. The subtraction at the addition point 
AS is identified by a minus sign 

[0038] The process path associated with the function block FB3 is associated with 

a plastic injection-molding machine and does not have to apply in this form to other 
production machines. A time-dependent setpoint-value profile is stored in it. 

[0039] At the addition point AS, differential signals, which are formed by a 

setpoint-value profile and current measured values "pact"> ai"© passed on to the function 
block FB5. This uses its programmed properties to model the closed-loop or open-loop 
control system. It receives its closed-loop or open-loop control parameters for the system 
as a set of parameters from the function block FB4. The function block FB5 outputs a 
setpoint correction signal to the function block FB6. 
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[0040] All the data connections in the representation according to Figure 2 take 

the form of arrow connections and symbolize a directed data flow. A time unit signal "t" 
is available in the function block diagram shown and is passed to the function block FB3. 
A broken-line connection between the time unit signal "t" and the function block FB4 is 
intended to indicate that the machine-position-dependent decision in the function block 
FB4 may also be substituted by a time-dependent decision. This means that, once a 
specific time "t*' has elapsed, the data denoted by "2" are processed instead of the data 
denoted by "1". Similarly, further variables or process parameters may lead to a single- 
stage or multi-stage changeover of input and/or output data. With a specific weighting or 
function, these can bring about the changeover point. This is shown in Figure 2 by 
arrows represented by dashed lines at the function block FB4 with the designation "y"> 
"z". 

[0041] The function block diagram just presented is to be appUed below to a 

plastic injection-molding machine. The positional determination PI of the advancing 
screw VS supplies the input signal "x" for the function block FBI. Dependent on the 
advancing screw VS, this block passes on a speed setpoint value to the function block 
FB6. This block converts the speed setpoint value into a nominal speed "nnom" for the 
drive A. 

[0042] In the function block FB2, a positionally dependent pressure setpoint 

profile is stored and is passed on to the addition point AS as long as a specific position 
"Xmax" is not excecdcd. The current injection pressure in the space SV in front of the 
screw is determined by the pressure sensor D and made available to the control system as 
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"Pact". At the addition point AS, the current pressure is subtracted from the pressure 
setpoint profile and the differential signal is passed on to the function block FB5. Only if 
the positionally dependent pressure setpoint profile from the fimction block FB2 is 
exceeded by the current pressure value does the substitutional open-loop control 
intervene in a correcting manner. In the fimction block FB6, a correction signal is 
processed and a new setpoint value is provided. The nominal speed of the drive A is in 
this case reduced. 

[0043] From a specific displacement mark of the advancing screw VS, the mold 

FW is filled with plastic material and the rate of injection has to be reduced to avoid an 
inadmissible increase in pressure in the space SV in front of the screw. If the current 
position of the advancing screw VS is the same as the position "Xmax", the fimction block 
FB4 changes over to a data path "2". A time-dependent pressure setpoint profile of the 
fimction block FB3 is then transmitted to the addition point AS. Since the mold FW is 
filled, the system parameters for the open-loop control ST also change. Now, a set of 
parameters denoted by "2", which is identified in Figure 2 by *Taram.Set2", is similarly 
transmitted to the fimction block FB5. As a result, a separate setpoint profile is provided 
for an injection phase and a holding-pressure phase. Further variables or process 
parameters may be used for determining a changeover point of a plastic injection- 
molding machine with a specific weighting or fimction. These variables may be, for 
example, an actual position of the advancing screw, an injection pressure or a production 
cycle time. 
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[0044] In to Figure 3, actual- and setpoint-value graphs of the aforementioned 

situation are shown. In this Figure, a horizontal broken line Dl denotes a setpoint 
pressure curve and a solid line denotes a measured pressure curve D2 in a p(x) diagram. 
The vertical broken lines, which run over further diagrams, confine an x range between xi 
and X2. In this range, the pressure curve D2 runs above the pressure curve Dl. The area 
defined by this is shown by broken lines in the p(x) diagram. 

[0045] A Vnom(x) diagram shows a speed setpoint curve Gl, which is shown by a 

broken line. 

[0046] A Vact(x) diagram shows a measured speed curve G2. This defines a 

hatched area with a horizontal line shown as a broken line, 

[0047] In the x range identified by the vertical broken lines, the injection pressure 

exceeds the predetermined maximum pressure curve Dl. The speed setpoint profile Gl 
is constant in this range. On account of the injection pressure being exceeded, the speed 
setpoint profile Gl is corrected in the substitutional control branch described with 
reference to Figure 2 and formed by the fimction blocks FB2, FB4, FB5 and the addition 
point AS. Consequently, the measured variable which exceeds a predetermined profile 
acts directly on a setpoint value. 

[0048] Moreover, it should also be mentioned that the setpoint correction 

described above may also take place when setpoint values are not reached. Similarly, it 
is conceivable for bands of setpoint values to be predetermined, so that corrective action 
is taken if measured values leave this band. 
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[0049] Furthermore, it should be mentioned that the methods described can also 

be suitably used in particular for production machines which have displacement and 
pressure among their process parameters. An industrial press may be mentioned here by 
way of example. A press is technologically no different than the injection mechanism of 
a plastic injection-molding machine, although of course the dimensioning with respect to 
the forces to be controlled has to be adapted to the respective application. 
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